Objective: This study aimed to assess the value of measuring the tubule diameter during microdissection testicular sperm extraction (micro-TESE) in predicting outcomes in patients with Sertoli cell-only syndrome (SCOS). Methods: Fifty-six consecutive patients with SCOS were included. Patients were classified into two groups on the basis of the diameter of seminiferous tubules measured against 5/0 surgical suture (!100 mm or <100 mm). Results: The sperm retrieval rate (SRR) in men with a tubule diameter !100 mm was significantly lower than that in those with <100 mm (3.1% vs. 25.0%). The SRR from the contralateral testis in men with a tubule diameter !100 mm was lower than that in those with <100 mm (0% vs. 14.3%). Men with a tubule diameter !100 mm had a significantly larger testis and lower follicle-stimulating hormone levels than did men with <100 mm (8.1 AE 2.4 vs. 5.3AE1.8 mL, 19.9 AE 9.7 vs. 25.9 AE 7.1 mIU/mL, respectively). Conclusions: The diameter of tubules is a useful predictor for a successful SRR in men with SCOS. Intraoperative assessment of homogeneous large tubules allows some men to perform a limited (superficial) contralateral micro-TESE after no spermatozoa are initially identified.
Introduction
Nonobstructive azoospermia (NOA) due to testicular failure affects approximately 1% of all men and 10% to 15% of infertile men. 1 Microdissection testicular sperm extraction (micro-TESE) combined with intracytoplasmic sperm injection (ICSI) can provide an opportunity for reproduction in men with NOA. 2, 3 Micro-TESE, which is the most effective sperm retrieval technology, can increase the sperm retrieval rate (SRR) and minimize postoperative complications. 3, 4 When the seminiferous tubule diameter is !300 mm, a single tubule biopsy is usually sufficient to harvest enough testicular spermatozoa for ICSI. 5 A lot of research has focused on predictors of successful micro-TESE. Most reports have shown that there is no definite factor that can accurately predict the outcome of TESE, including the levels of follicle-stimulating hormone (FSH) and testosterone, testicular volume, and paternal age. [6] [7] [8] [9] Alfano et al. 10 found that levels of anti-Mu¨llerian hormone and the ratio of anti-Mu¨llerian hormone-to-total testosterone achieved independent predictor status for sperm retrieval in men with idiopathic NOA. Histological findings also appear to be a useful predictor for successful micro-TESE. 11, 12 Additionally, intraoperative evaluation can also provide useful information on operative planning. Previous studies showed that the SRR was higher when identifying larger and more opaque seminiferous tubules. 3, 5 Intraoperative identification of !five motile and/or non-motile spermatozoa at the time of unilateral micro-TESE allowed us to limit the surgical procedure correctly in a previous study. 13 Because predicting successful sperm retrieval preoperatively is difficult, predicting no sperm retrieval intraoperatively might be an effective method of reducing any problems. Men with a Sertoli cell-only syndrome (SCOS) pattern are thought to have a lower SRR compared with patients with hypospermatogenesis and maturation arrest.
11,14 SCOS is classified into two histological patterns of the pure (primitive) form and the secondary (acquired) form. 15 The pure form is a congenital disorder that is characterized by a normal tubule diameter. Therefore, finding spermatozoa by micro-TESE is impossible. In the secondary or acquired form, the seminiferous tubule diameters range from almost normal to small. 15 Therefore, this study aimed to assess the value of identifying tubules during micro-TESE for predicting the SRR outcome in patients with SCOS. On the basis of the most predominant histopathological pattern, testicular histology was classified as follows: normal spermatogenesis, hypospermatogenesis ( Figure 1A have SCOS if all intraoperative testis biopsies were consistent with SCOS by a pathologist. Patients with a mixed histopathological pattern were excluded.
Materials and methods

Micro-TESE
The procedure of micro-TESE has been described previously in detail. 3 Briefly, under a general anesthetic, a transverse, mid-scrotal incision was made over the left or right testis. The tunica vaginalis was opened to visualize the tunica albuginea. An equatorial incision was widely opened over the tunica albuginea under an operative microscope, taking care to avoid vasculature injury. Homogeneous tubules were measured against 5/0 surgical suture (Polysorb; Covidien, Boulder, CO, USA), which had a diameter of 100 mm. If the tubules were heterogeneous (the difference in diameter between the largest and smallest tubules was !50 mm 16 ), we measured the diameters of the most similar tubules. Microdissection was then performed to identify seminiferous tubules at between 12Â and 18Â magnification under an operating microscope. The superficial tubules were first examined for larger and more opaque tubules and one to three samples were taken to an embryologist in the operating room. If no spermatozoa were found, deeper testicular tissue was microdissected along the seminiferous tubule lobules under optical magnification. If tubules had an identical morphological appearance, at least six specimens were obtained from upper and lower poles of the testicle. If no spermatozoa were observed during micro-TESE, the testicular tissue was thoroughly examined for the presence of spermatozoa in the embryology laboratory 12 to 24 hours later. Tissue specimens were fixed in Bouin's solution and sent for histopathological analysis.
Diameter of seminiferous tubules
Amer et al. 10 reported that the best cutoff level of the seminiferous tubule diameter for harvesting testicular spermatozoa was 110 mm. Tubules with a diameter of !100 mm were more likely to contain mature spermatozoa. Therefore, men were divided into two groups on the basis of the diameter of seminiferous tubules: !100 mm (larger than the 5/0 surgical suture) and <100 mm (smaller than the 5/0 surgical suture) (Figure 2 ). The mean SRR values were compared between these two groups. 
Statistical analysis
All statistical data were analyzed with SPSS Statistics for Windows, Version 17.0 (SPSS Inc., Chicago, IL, USA). For descriptive statistics such as age, testis size, FSH levels, and testosterone levels, the independent-sample t test was used to compare the two groups. Qualitative variables, such as the spermatozoa retrieval rate, were evaluated by Fisher's exact test. p < 0.05 was considered statistically significant.
Results
A total of 56 patients who suffered from NOA with SCOS pathology were identified in the present study. The mean age of the patients was 30.6 AE 3.8 years (AEstandard deviation). The median testicular volume undergoing micro-TESE was 6.9 AE 2.6 mL. The overall SRR was 12.5% (7/56).
Of the 56 men, 32 (57%) were classified as having a seminiferous tubule diameter of !100 mm, and the remaining 24 (43%) men were classified as having a diameter of <100 mm. The characteristic differences between these groups are shown in Table 1 . Testosterone levels were similar in the two groups. Men in the !100 mm group had larger testes than did men in the <100 mm group (p < 0.001). Men in the !100 mm group also showed lower FSH levels than did men in the <100 mm group (p ¼ 0.014).
The SRR in men in the !100 mm group was lower than that in men in the <100 mm group (p ¼ 0.035). Of the 52 men who underwent bilateral testicular microdissection, sperm were found on the contralateral side in only three (5.8%) patients after no sperm were identified on the initial side. No sperm were obtained from a tubule diameter of !100 mm. All three instances of sperm recovery from the contralateral testis were from tubule diameters of <100 mm ( Table 2) .
Discussion
Under optical magnification, tubules that are identifiable as larger and more opaque or whiter tubules are thought to contain sperm. 3 Tubule atrophy appears to lead to a poor chance of sperm retrieval with micro-TESE. In the present study, in men with SCOS, spermatozoa were successfully retrieved in 25% of those with tubule diameters <100 mm, but they were only retrieved in 3.1% of men with tubule diameters !100 mm. Our findings appear to conflict with previous reports. Kamal et al. 17 reported that the SRR in biopsies where all tubules were dilated was 14/33 (42%), whereas the SRR was 12/53 (23%) when all of the tubules were collapsed as observed under a stereoscope. In a study of 264 men, Amer et al. 5 noted that the SRR was different among men with different tubule diameters, including 31%, 44%, and 84% for 200 mm, >200 to <300 mm, and !300 mm, respectively. The possible reason for this difference between studies is that most reports had no further identification in histology. A few previous studies 18 mentioned histological identification, but no comprehensive research had been performed. In a study of 58 men with NOA, Tsujimura et al. 18 observed that seven patients with thick homogeneous tubules had sperm and all of these men were classified as having hypospermatogenesis; 23 patients with homogeneously thin tubules were found to have no sperm and 22 of them were classified as SCOS. These studies provide evidence that a larger tubule diameter is associated with an increased SRR for all unclassified NOA. However, the SRR outcome remains unclear for each specific histological classification. In our study, men with SCOS who had larger tubules had a lower SRR. Therefore, the SRR is not only predicted by the diameter of the tubule, but also by the histopathological classification.
Men with larger tubules had a worse SRR compared with those who had smaller tubules in our series. This finding might not be surprising. Anniballo et al. 15 showed that two histological patterns of SCOS can be distinguished as the pure (primitive) form and secondary (acquired) form. In the pure form, tubules are a normal diameter; no histological changes can be seen because of the congenital nature of this disorder, and it is impossible to find spermatozoa by micro-TESE in such patients.
Unlike the pure (primitive) form, in men with the secondary (acquired) form, the diameters of tubules range from almost normal to tiny. 15 Success of micro-TESE in men with NOA depends on finding heterogeneous areas. Tubules in secondary SCOS are thinner than those in pure SCOS and tubules with sperm are thick. Therefore, differentiation between empty tubules and tubules with sperm is easier in secondary SCOS. If all of the tubules in pure SCOS are a homogeneous pattern and have almost a normal diameter, spermatozoa are unlikely to be identified and require more biopsy.
In our study, the SRR of the contralateral side of the testis was lower in men with SCOS who had larger tubules compared with those who had smaller tubules. Ramasamy et al. 19 reported that 40 of 506 (8%) men had sperm on the contralateral side when no sperm were identified on the initial side. A similar result was found in our study. Of the 52 patients who underwent bilateral micro-TESE, three (5.8%) patients had successful sperm retrieval from the contralateral side of the testis. However, no sperm were found in men with larger tubules. Therefore, the diameter of tubules appears to be a useful predictor in guiding intraoperative planning in men with SCOS. If homogeneous large tubules are shown under optical magnification, performing a limited (superficial) contralateral micro-TESE might be a good choice to reduce testicular damage.
We also found that men with larger tubules had a larger testicular size and lower FSH levels than did those with smaller tubules. A possible reason for this finding is that primordial germ cells had not reached their final destination in the primitive testicle in men with congenital SCOS, and the tubules were composed of normal Sertoli and Leydig cells, which tend not to atrophy. Further histopathological studies should be performed to confirm these findings. Testicular atrophy in men with acquired SCOS is more susceptible to occur with decreased testicular size and elevated FSH levels. Therefore, men with SCOS with a larger testicular size and lower FSH levels appear to have a lower SRR.
Conclusion
The diameter of seminiferous tubules is a useful predictor for successful sperm retrieval in men with SCOS. Men with larger tubules have an extremely poor SRR. Relatively low FSH levels and a large testicular volume appear to reflect large tubules in men with SCOS. Under optical magnification, intraoperative assessment of homogeneous large tubules allows some men to perform a limited (superficial) contralateral micro-TESE after no spermatozoa are initially identified.
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